Abstract. We studied a nesting population of Prairie Falcons (Falco mexicanus) in the
INTRODUCTION

Exceptionally high densities of nesting Prairie Falcons (Falco mexicanus) in the Snake
[28]
The Condor, Vol. 101, No. 1 (Feb., 1999), pp. 28-41 Olsen 1989, Kostrzewa 1990, 1991) , and weather sometimes interacts with prey availability to influence raptor reproduction (Steenhof et al. 1997 ). Few investigations, however, have collected adequate data to evaluate long-term population changes of predators in relation to prey and weather as well as anthropogenic disturbances. The purpose of this paper is to assess whether Prairie Falcon abundance, reproduction, and distribution in the NCA changed between 1974 and 1997, and to identify factors associated with population changes. We were particularly interested in whether Prairie Falcon nesting densities and reproduction were influenced by prey densities, precipitation, vegetation changes, livestock grazing, or military training activities.
METHODS
STUDY AREA
The study area included 2,430 km2 of public and private lands within the NCA in southwestern Idaho (42050'N, 115050'W). Nesting surveys focused on a 130-km stretch of the Snake River Canyon between Walters Ferry and Hammett (Fig. 1) . Elevation of the canyon ranges from 700 m above sea level near the floor to 920 m at the canyon rim. Basalt cliffs range in height from 2 to 125 m. Topography above the canyon is generally flat or slightly rolling with a few isolated buttes. Annual precipitation averages 15-25 cm and occurs mainly from November through April; summers are hot and dry. Native vegetation is characteristic of a shrubsteppe community with big sagebrush (Artemisia tridentata), shadscale (Atriplex confertifolia), and winterfat (Krascheninnicovia lanata) associations (U.S. Dept. Interior 1996). Livestock grazing occurs throughout the area. The Idaho Army National Guard conducts training maneuvers in the 56,000-ha Orchard Training Area (OTA) in the central part of the NCA (Fig. 1) . The National Guard uses the OTA primarily for artillery firing, armored vehicle training, helicopter training, bivouacking, and small arms firing (U.S.
Dept. Interior 1996).
We divided the NCA into 10-km stretches of river and side-canyons to assess the distribution of Prairie Falcon pairs. We computed the amount of cliff area in each stretch from studies that interpreted aerial photographs using standard parallax methods and field verification measurements (Bentley and Hardyman, unpubl. data). We defined four different study strata in the NCA canyon (Fig. 1) (Fig.  1) . These "long-term survey segments" contained 18% of all known nesting areas in the west stratum, 61% of nesting areas in the westcentral stratum, and 38% of nesting areas in the east stratum.
Observers recorded nesting activity of Prairie Falcons and plotted nest locations on aerial photographs and 1:24,000-scale USGS topographic maps. We defined a historical nesting territory as any area of cliff where a Prairie Falcon pair was found in one or more years but where no more than one Prairie Falcon pair nested in the same year (Newton and Marquiss 1982 
PRAIRIE FALCON REPRODUCTION
We assessed Prairie Falcon occupancy, nesting success, and productivity from a sample of nesting territories each year from 1974-1983, 1991-1994, and 1997 . Before each nesting season, we identified at least 20 nesting territories known to have been occupied in earlier years. We tried to locate pairs at these "preselected" nesting territories during courtship, ascertain their breeding status during incubation, and observe them as often as needed to determine occupancy and nesting success. Some nests were entered and inspected for eggs, young, prey remains, or any sign of reproductive activity; others only were observed from a distance. From 1974-1978, the preselected sample included all territories identified by Ogden (1973) within a 72-km stretch of the NCA canyon. From 1979-1983, we selected a different set of nesting territories from throughout the NCA each year, using stratified random sampling with proportional allocation according to falcon abundance in canyon stretches. We pooled data from radio-tagged and control pairs because radios did not influence Prairie Falcon reproduction (Vekasy et al. 1996) .
In all years we confirmed laying if an occupied nesting territory contained an incubating adult, eggs, young, or any other indication that eggs were laid (e.g., fresh eggshell fragments in fresh nesting material). In the 1990s, we also classified pairs as "laying" if an adult entered a cavity and remained within the cavity for > 1 hr during the incubation period. In all years, we considered laying pairs successful if -1 young reached 30 days of age (Steenhof 1987 
LAND USES AND HABITAT CONDITIONS
We assessed habitat conditions in the predicted foraging areas of falcons from each of the four canyon strata (Fig. 1) ing densities by strata. We used Mann-Whitney tests to assess differences in falcon abundance in the 1970s and 1980s versus the 1990s. We assessed trends through time by running simple correlations between year and selected variables. We used two-factor (year and strata) log-linear models to test for differences in occupancy and success rates. We used two-factor (year and strata) analyses of variance to assess differences in brood size at fledging with hatch date as a covariate. Relationships between ground squirrel abundance, precipitation, and falcon reproduction and abundance were assessed by simple correlation and multiple regression analyses. We used log-likelihood G-tests to compare proportions of transects with sheep and cattle use by strata. We transformed cattle and sheep grazing intensity scores using a square-root function and compared scores among strata using analysis of variance with Bonferroni adjusted paired contrasts. (Fig. 4) . A winter drought prior to the 1977 breeding season caused squirrels to suspend reproduction in 1977 and enter torpor 4-6 weeks earlier than usual (Smith and Johnson 1985) . Densities were low in 1978 due to the absence of a yearling cohort. Numbers recovered slowly from 1979-1982 (Fig. 4) . In 1991, ground squirrel abundance was higher than in the 1970s, and it increased to a peak level of 24.5 squirrels ha-' in 1992. A spring 1992 drought followed by a severe winter in 1992-1993 affected overwinter survival and drastically reduced ground squirrel abundance in 1993 and 1994 (Van Horne et al. NCA correlated strongly (Ps < 0.01) with both juvenile and overall ground squirrel density. Total number of young fledged from the long-term survey segments, which was based on four additional years, also correlated significantly and positively with juvenile and overall squirrel densities (Ps < 0.05). We also found significant correlations (Ps < 0.05) between both percent of falcon pairs successful and number of falcons fledged per pair and juvenile and overall squirrel densities. Number fledged per laying pair correlated significantly only with overall squirrel densities, and percent of laying pairs successful correlated significantly only with adult squirrel densities. Three variables (brood size at fledging, total pairs, and pairs in the long-term survey segments) did not correlate significantly with any of the measures of ground squirrel abundance, but number of pairs was more closely related to adult squirrel abundance (P = 0.08) than to juvenile or overall squirrel abundance (Ps > 0.38). We found no relationship between number of nesting pairs and ground squirrel abundance in the previous year (r = 0.56, n = 6, P = 0.25). 
RESULTS
PRAIRIE FALCON DISTRIBUTION IN THE 1970S
Two measures of Prairie
HABITAT CONDITIONS AND LAND USES
Habitat alteration occurred in all strata and in all years of our study, but its intensity, distribution, and timing varied (Fig. 7) . By 1979, fires and agriculture already had fragmented habitat in the east stratum to a much greater extent than in the other strata. Thirty-five percent of the east stratum was grassland in 1979, compared to only 15-18% of the other strata. In addition, 27% of the east stratum was farmed, compared to only 4% in the west-central, 18% in the east-central, and 22% in the west strata. By 1979, the proportion of the east stratum in shrubs was approximately half that of the other strata (Fig. 7) . Between 1979 and 1994, the nature and distribution of habitat change differed from that before 1979. Less than 2% of the native rangeland within Prairie Falcon foraging ranges was converted to agriculture between 1979 and 1994. Fires, on the other hand, caused extensive shrub loss, primarily between 1981 and 1985 (Kochert and Pellant 1986). Most shrub loss between 1979 and 1994 occurred in the east-central and west-central strata (Fig. 7) . By 1994, fires and agriculture had left only 4-35% of the habitat in each stratum in shrubs (Fig 7) . From 1994-1996, fires consumed an additional 38,700 ha, primarily in the west stratum. Most fires that occurred from 1994-1996 in the west-central and east-central strata were in previously burned areas, so there was little loss of additional shrublands. By 1997, native shrub habitat comprised only 4-28% of the area in each stratum. The west-central stratum still had the highest percent shrub cover, even though it sustained extensive shrub losses between 1979 and 1994 (Fig 7) .
Ground Second, training activity could cause subtle habitat changes, which we were unable to measure, that might be detrimental to ground squirrel populations. The best indirect measure of habitat suitability, amount of native perennial grass cover, suggests that ground squirrels should be at above average levels in the westcentral stratum. Unfortunately, we do not have reliable landscape-level data on the relative abundance of ground squirrels in the four strata to confirm this. Long-term use of armored vehicles and short-term armored-vehicle tracking experiments in shrub and grass habitats in the OTA had no detectable effects on ground squirrel population dynamics (Van Home and Sharpe 1998). However, tracked vehicles used during military training cause ground disturbances that result in habitat fragmentation and increased Managers of the Snake River Birds of Prey NCA are facing serious challenges in their attempts to regulate land uses to protect and enhance raptor populations. They face equally difficult challenges as they try to repair cumulative damages caused by wildfire, drought, livestock grazing, and military training activity. Our data suggest that foraging areas in the west-central stratum have been most seriously compromised. If military training activity is affecting Prairie Falcons adversely, we do not yet understand the mechanisms that might be involved. Although we have been unable to isolate a single causal mechanism for more pronounced population declines in the west-central stratum, it appears that the west-central stratum is the area most in need of rest and restoration. Continued and expanded monitoring of Prairie Falcon populations and their prey throughout the entire NCA will be helpful in distinguishing influences of individual land uses and habitat perturbations. However, because land uses and habitat perturbations act both synergistically and cumulatively, it is unlikely that we will ever find a single cause for declines in Prairie Falcon abundance and productivity. A continuing decline in number of nesting pairs and a possibly permanent reduction in the area's carrying capacity for Prairie Falcons would be inconsistent with goals of the legislation that established the NCA. Managers of the NCA should aggressively suppress wildfires, actively restore native shrubs and perennial grasses, and regulate existing land uses within Prairie Falcon foraging areas. Subsequent monitoring, integrated at all three trophic levels, will be necessary to determine whether land use restrictions and habitat recovery/restoration can reverse population declines. Management actions should be coordinated closely with monitoring efforts in an adaptive management approach (Lancia et al. 1996) 
